Background: Informed consent is a prerequisite for patients included in clinical trials. Trial design, inclusion criteria and legal requirements are increasingly complex. This complexity challenges design and delivery of written and oral trial information to ensure understandable information. To evaluate the level of concordance between patients' and informing physicians' assessments regarding patient understanding of trial information, we carried out a study based on paired questionnaire data from patients and their physicians. These assessments of patient understanding were further correlated with patients' factual knowledge of the information provided. Methods: This pilot study included patients and physicians immediately after the patients had received information on one of 23 ongoing phase III randomised cancer trials at two Swedish sites. In total, 46 patients and 17 physicians contributed data based on two new questionnaires with seven mirroring questions, where concordance was analysed with McNemar's test. These assessments of patients' self-estimated understanding were further correlated with the Patient Understanding of Research (Q-PUR) questionnaire that assesses factual knowledge of the information provided. Results: For each question, 47-61% of the patient-physician pairs were in concordance regarding their assessments of patients' 'fully understanding' or 'not fully understanding' various aspects of the trial information. For the discordant pairs, the physicians rated patient understanding lower than the patients themselves, for all seven questions. This difference was significant for five of the questions (P ≤ 0.017). The median Q-PUR knowledge score was 11 out of 12, but this score did not significantly correlate with the assessments, either from patients or from physicians. Conclusions: This study demonstrated a trend for physicians to rate the level of understanding of trial information among potential trial patients lower than the patients themselves. Application of Q-PUR revealed high knowledge scores, but without correlation to the assessments. These findings need validation in an independent setting, with an improved instrument with mirroring questions, and a better-matched measurement of patients' factual knowledge. These results suggest that physicians need to improve their ability to assess patient understanding of clinical trial information, in order to be able to tailor the patients' information individually.
Background
Clinical trials are a mainstay of medical research and crucial to improving future health care services. Prior to inclusion into a clinical trial, the patient must provide informed consent, defined in the Declaration of Helsinki [1] . The purpose of the oral and written patient information is to convey information that enables the patient to reach a level of understanding from which a decision can be taken based on study design, impact and riskbenefit combined with the patient's individual preferences. In oncology as well as in other medical specialties, however, the trial information is often extensive and its communication is a complex process, which may indeed counteract the actual intent of complete information and full understanding [2] [3] [4] .
The main responsibility for informing the patient lies with the clinical trial team, which typically consists of the responsible physician and a research nurse. To optimise the possibility for truly informed consent, information needs to be tailored to the individual patient. Proper tailoring of information requires assessment of patients' understanding of the oral and written information [5, 6] . However, there is limited information on how accurate physicians' perceptions are with respect to patients' understanding. A study by Olson and Windish [7] suggested that significant discrepancies exist between how patients and physicians rated patient knowledge, with physicians overestimating patient knowledge. Whether this is also the case with clinical trial information is, to our knowledge, unknown.
A large number of attempts have been made to improve patients' understanding of both written and oral clinical trial information, as reviewed in [8] [9] [10] [11] . The three main forms of interventions tested are multimedia, enhanced consent forms, and prolonged consent discussions. Multi-media interventions have only been shown to improve patient understanding to a limited degree, whereas enhanced consent forms and prolonged consent discussions were deemed to be the most effective interventions [8, 9] . However, in many studies the development process of interventions and outcome measures were poorly described [10] . Thus, more research is warranted on these topics. Several studies have shown that patients overestimate their factual knowledge about clinical trials. In a study by Biedrzycki [12] 72% of the patients answered 'yes' to the question 'Do you basically understand the research study?' but only 35% had adequate actual research knowledge as measured by the Seven-Item Knowledge Scale, developed by Ellis et al. [13] .
Another study, by Joffe et al. [14] , used the validated instrument 'Quality of Informed Consent' (QuIC), which measures both perceived understanding and factual knowledge about clinical trials, with questions directed to patients. This study found a weak but statistically significant correlation between patients' factual knowledge and their self-assessment scores, measured by 14 questions. Furthermore, in the study another questionnaire was sent to each patient's physician, including one question on the physician's estimate of the patient's understanding. Here, a weak but statistically significant correlation was found between physicians' rating of the patient's understanding and the patient's factual knowledge. This is, to our knowledge, the only study that carried out pairwise comparisons between patient and physician ratings of patient understanding of clinical trials and their correlation with the patient's factual knowledge.
To our knowledge, there is a lack of direct comparisons between patients' own assessments of their understanding of the clinical trial information and physicians' assessments of their patients' understanding. The main purpose of this exploratory pilot study was to investigate how patients invited to take part in a clinical cancer trial rated their own understanding of the clinical trial information, and to compare the results with the paired physician assessments of patient understanding. A secondary purpose was to correlate these assessments with patients' factual knowledge of the oral and written clinical trial information provided.
Methods

Setting, participants, and data collection
Between January 2009 and February 2013, 46 paired questionnaires for patients and physicians were collected, and 100% of the distributed questionnaires were returned. There was no recording of patients or physicians declining to participate when invited. Forty-six patients and 17 physicians were included. Each physician could participate a maximum number of five times in the study. The study was conducted at two Swedish sites, Lund and Malmö. Patients who could read and speak Swedish and who were eligible for 23 selected clinical cancer trials were included. The selection criteria for the clinical trials were that the trials should be randomised phase III trials that were expected to include patients for at least one year. Furthermore, the trial had to have a research nurse responsible for handing out the questionnaires. The trials concerned treatment for 14 different cancer diagnoses with both curative and palliative intention (Table 1) . It was not recorded which trial the patient was offered, or whether they accepted or declined participation.
Informed consent was obtained from all participants. The study was approved by the Lund University Ethics Committee (Dnr 346/2007).
A study design with paired questionnaires was used, one questionnaire for the patient receiving information and another questionnaire for the informing physician.
The patients completed the questionnaire directly after they had received the oral and written patient information on the clinical cancer trial they were about to consider participation in. The physicians completed their questionnaire directly after the consultation when they had informed the patient about the clinical trial.
Questionnaires
The study comprised two questionnaires, one for patients and one for physicians. The patient questionnaire was composed of the following three sections: 1) demographic information; 2) patients' assessment of perceived understanding, seven mirroring questions (7Q-PAT); and 3) patients' factual knowledge measured by the Patient Understanding of Research questionnaire (Q-PUR). The physician questionnaire was composed of the following two sections: 1) demographic information; and 2) physicians' assessment of their patients' understanding, seven mirroring questions (7Q-PHYS).
The demographic information included gender and age. Information from additional questions about educational level and previous participation in a clinical trial by the patient or their next of kin was also collected from patients. Physicians were asked about the number of years spent working in oncology, type of post, and number of patients they had included in a clinical trial. Each physician could participate a maximum number of five times in the study, to avoid any single individual dominating the study material.
The section on perceived patient understanding of oral and written information was constructed by the research team and consisted of seven mirroring questions for patients and physicians, respectively (7Q-PAT and 7Q-PHYS; Table 2 ). The seven questions on perceived patient understanding were selected based on earlier studies where key points for consideration were identified [15] [16] [17] . The questions included separate queries on how the patients understood the written and oral trial information respectively. During the process of designing the questionnaire, the seven questions were tested on research nurses and physicians and adjusted according to their feedback. The questions concerned how the patients rated their understanding of the oral and written information, respectively, of the terms and expressions used by the physicians orally and in the written information, of the study treatment and follow-up, of the side effects, and of the aim of the clinical trial (Table 2) . Each question was formulated as a statement with four possible answers: fully agree/partly agree/do not fully agree/disagree. In the patient questionnaire, but not in the physician questionnaire, a third section that measured the patients' factual knowledge of clinical trial information was included. For this section the validated Patient Understanding of Research questionnaire (Q-PUR) [18] was used. Q-PUR is a multiple-choice instrument that objectively tests the patients' factual knowledge about clinical trials [18] . The 12 Q-PUR questions are presented in Table 3 . For the complete Q-PUR instrument, see the original paper by Hutchison [18] . Regarding reliability, Q-PUR has been shown to have an overall questionnaire score with an acceptable Cronbach's alpha of 0.77 (95% CI 0.69-0.84). The corrected item total correlation between individual questions and the overall questionnaire score is, however, low (< 0.4) for several of the questions. Six of the 12 questions had an item total correlation * In the Swedish translation the following statement was inserted after the word randomized: '(the patients are assigned by lot to one group or the other)' ** In the Swedish translation the words 'best supportive care' in English were kept in parentheses after the Swedish translation, and the words 'symptom control' were omitted above 0.4 and were deemed to most reliably measure patient understanding. These six selected questions are indicated in Table 3 . Separate analyses of these six questions were also performed. Question number 7 in the 7Q-PAT and 7Q-PHYS read 'I/the patient understood the purpose of the research study'. The corresponding questions measuring the purpose of the study in Q-PUR were questions number 1, 4 and 6 (Table 3) . In order to specifically study how well the questionnaires correlated regarding these questions on study purpose, separate analyses were performed between question number 7 in the 7Q-PAT and 7Q-PHYS and questions number 1, 4 and 6 in Q-PUR. The 12 Q-PUR questions were translated to Swedish and retranslated to English by professional translators to ensure that the questionnaire would be correctly represented in Swedish.
Statistical analysis
The data were analysed using SPSS version 24.0.0.1 (IBM). For the demographic data, the number and percentages for each group are presented for the categorical variables. The continuous variables, i.e. participants' age and number of years working as physicians in oncology, are presented with median and range. For the physicians, who may have included up to five patients over the study duration of five years, the demographic data from the first questionnaire are presented.
For the rating of patients' perceived understanding (7Q-PAT and 7Q-PHYS), each question could be answered as one of four categories. Few participants indicated 'do not fully agree' and none indicated 'disagree'. Therefore, the data were dichotomised according to 'fully agree' (yes/no). If either the patient or the physician in a pair had not answered a question, the pair was discarded. McNemar's test was used to evaluate the concordance for 'fully agree' between each patient-physician pair for each of the seven questions in the 7Q-PAT and 7Q-PHYS. In case of missing data for either patient or physician, both were excluded from the pairwise analysis.
For the 12 Q-PUR questions on patients' factual knowledge, the percentage of patients indicating the correct answer was calculated. Spearman rank correlations between the total number of correct answers for the 12 questions and 'fully agree' on the seven questions in the 7Q-PAT and 7Q-PHYS were calculated for patients and physicians, respectively. Furthermore, the six Q-PUR questions with the highest item total correlation according to the original paper [18] and the three Q-PUR questions concerning the purpose of a clinical trial were correlated with the number of 'fully agree' for the seven questions in the 7Q-PAT and 7Q-PHYS of perceived understanding for patients and physicians, respectively.
The three Q-PUR questions concerning the purpose of a clinical trial were selected for a separate analysis in relation to question number 7 ('I/the patient understood the purpose of the research study') regarding perceived understanding of the purpose of the trial. Spearman rank correlation was used to analyse the correlation between number of correct answers for the three Q-PUR questions and whether or not the patients and their physicians indicated that the patient 'fully' understood the purpose of the trial. In addition, McNemar's test was used to analyse concordance between patients who 'fully' understood the purpose of the trial (question number 7 in the 7Q-PAT) and scored three correct answers on the three Q-PUR questions. Similarly, a second McNemar's test was used to analyse concordance between physicians who indicated that their patients 'fully' understood the purpose of the trial (question number 7 in the 7Q-PHYS) and whether or not the paired patients scored three correct answers on the three Q-PUR questions.
The demographic factors of the patients were compared with the median Q-PUR score for the 12, six and three questions (Table 3 ). The dichotomous variables (sex, previous participation in research trial either selfexperienced or via next of kin) were compared with Mann-Whitney U-test. Age was categorised in three groups (< 50, 50-64 and ≥ 65 years). Median Q-PUR scores were compared between age groups and different levels of education with Jonckheere-Terpstra Test for Trend.
No formal a priori power calculation was carried out. A pilot study with a minimum of 40 pairs was considered large enough to reliably quantify correlations and associations between the various questions regarding both patients and physicians. Statistical significance was set at P < 0.05. All P values were two-tailed. Since this is an exploratory study, each P value should be viewed as the level of evidence against each null hypothesis. Therefore, nominal P values without adjustment for multiple testing are presented [19] .
Results
The study included 46 patients, who were informed by 17 physicians. See Table 4 for characteristics of patients and physicians in the study. Table 2 shows the patient and physician responses to the seven statements regarding the patients' perceived understanding of clinical trial information (7Q-PAT and 7Q-PHYS). On a group level, between 65.2% and 91.3% of the patients fully agreed with each statement. The lowest percentage pertained to the understanding of the words and expressions in the written information (question 4), and the highest percentage pertained to how the treatment would be carried out and followed up (question 5).
The physicians' ratings on a group level were lower than their patients' for all the questions, and the percentage of 'fully agree' ranged between 42.2 and 71.7%. As with the patients, the lowest percentage pertained to the patient's understanding of the words and expressions in the written information (question 4). However, the highest percentage who fully agreed pertained to the patient's understanding of the purpose of the clinical trial (question 7). Since only six physicians informed three or more patients, no intra-physician scoring could be performed. Table 5A shows the paired analyses of the percentage of patients and physicians who fully agree with the seven statements regarding the patients' perceived understanding (7Q-PAT and 7Q-PHYS). One patient had not answered one of the seven questions and one physician had not answered two other questions, which led to a total of one pair for three different questions being excluded from this pairwise analysis. For each statement the concordance of 'fully agree' was compared for the patient-physician pair (7Q-PAT and 7Q-PHYS). Between 46.7 and 60.9% of the pairs for each question were in concordance with respect to whether they fully agreed with the statement or not. For the discordant pairs, there was a higher number where only the patient had rated 'fully agree' , compared to the number where only the physician had rated 'fully agree' , for all seven questions. This difference was significant for five of the questions (questions number 1, 2, 3, 5 and 6; Table 5B ).
Overall, there was no correlation between the number of 'fully agree' for the seven questions of patients' rating of perceived understanding (7Q-PAT and 7Q-PHYS) and their Q-PUR score, whether measured with 12, six or three questions (all P values ≥ 0.47). The percentage of correct answers for each question ranged between 65.2 and 97.8% on a group level (Table 3) . Neither was there any correlation between the physicians' rating of a patient's understanding and that patient's Q-PUR knowledge score, whether measured with 12, six or three questions (all P values ≥ 0.25).
The concordance between whether or not the patients answered 'fully agree' on question 7 ('I/the patient understood the purpose of the research study') and scored three out of the three selected Q-PUR questions on study purpose (n = 27) was somewhat higher than for the physicians (n = 22). However, for discordant pairs patients were significantly more likely to overestimate rather than underestimate their understanding of the trial in relation to their factual knowledge, as measured by the three selected Q-PUR questions (P = 0.019). There was no significant direction for the discordant results between whether or not the physicians answered 'fully agree' to question 7 and their patient scored three out of three selected Q-PUR questions (P = 0.54).
To explore whether or not demographic data may have influenced the results, these factors were compared with the results of both the assessments (7Q-PAT and 7Q-PHYS) and the Q-PUR score. There was no significant association between the patients' educational level and their rating of their understanding in 7Q-PAT (P trend = 0.64), or between the patients' educational level and the physicians' rating of their understanding in 7Q-PHYS (P trend = 0.75). There were also no significant differences in Q-PUR score due to gender, age or whether the patient or a next of kin had previously participated in a clinical trial. No attempt at sub-group analysis was made due to small numbers. The only factor that made a significant difference was educational level. Patients with higher education scored significantly higher on Q-PUR (Table 6 ).
Discussion
Our study demonstrates that physicians rated patients' understanding of clinical cancer trial information lower than the patients, and this pattern applied to all questions posed (7Q-PAT and 7Q-PHYS). Neither the patients' nor their physicians' ratings correlated with the patients' factual knowledge, as measured by Q-PUR. The physicians and the patients agreed in their assessment of patient understanding in about half of the patient-physician pairs for every question. When the pairs disagreed, the patients in general rated their understanding as higher than the physicians rated it. Thus, physicians believed that patients understood less than the patients themselves believed.
Physician assessment of patient understanding of clinical trial information, in an individual and pairwise comparison with patients' own assessment of their understanding, has to our knowledge only been investigated once previously [14] . In that study, however, the physicians were asked to assess patient understanding globally with one question, whereas the patients completed 14 questions. In the present study, both patients and physicians each completed seven questions that mirrored each other. This is a new approach that allows a more detailed examination of problematic areas of patient understanding of clinical trial information. Table 6 Median scores for Q-PUR questions for all patients and in relation to education level Table 3 for the list of the 12, 6, and 3 Q-PUR questions ** Jonckheere-Terpstra Test for Trend
The present study showed that physicians assess patients' knowledge lower than the patients' do. One reason may be that the physicians were more cautious than the patients in scoring full understanding of the information since this is a high standard to meet. Physicians may also be conscious of a number of details that they have not informed the patient about because of lack of time or information overload for the patient or because the physician deemed these details to be less important. Patients, on the other hand, may be unaware of what facts they do not know, and therefore consider themselves to understand completely.
Furthermore, there was no definition of what 'fully' agree implied compared to 'partly' or 'not fully' agree, which might have impacted on the results [20] . This constitutes a limitation. The groups 'partly' and 'not fully' were merged for statistical reasons, which made this problem smaller. However, the lack of a definition for 'fully' understand might still be a problem. On the other hand, the vast majority of patients considered that they fully understand the information regarding all the subjective questions (7Q-PAT), and the scores for factual knowledge as measured by Q-PUR were high for almost all of them. None of the patients or physicians had indicated 'disagree' , which was the lowest alternative for level of understanding. Altogether, this may be considered to reflect an adequate level of understanding and knowledge. Moreover, there exists no consensus in the literature of what is 'good enough' patient understanding for being able to make an informed decision on participation in a clinical cancer trial [21] . The aim is often described as true or completely informed consent, but this may not be a realistic goal.
In order to evaluate whether the ratings of the patients' understanding were correct, an objective measurement of the patients' factual knowledge was warranted. There were a limited number of validated, non-trial-specific questionnaires available for cancer at the time the pilot study was planned. The two most relevant questionnaires were the 'Quality of Informed Consent' (QuIC) [22] and the 'Questionnaire-Patient Understanding of Research' (Q-PUR) [18] . The QuIC includes sections for patients on both perceived understanding (14 questions) and factual knowledge (20 questions). However, the QuIC has no mirroring questions for physicians, which was an important part of the present study. The 14 QuIC patient questions on perceived understanding were deemed too extensive to be converted into mirroring questions for physicians. To keep the number of questions down, Q-PUR was chosen. In the present study, the feasibility and acceptability of the questionnaires were high, and 100% of the questionnaires were returned by patients and physicians. This high return rate was probably due to the small number of patients included in the pilot study, as well as the small scale of the two research sites. The fact that patients had their own personal research nurse who could remind them if they forgot to return the questionnaires probably also contributed to the high return rate.
However, this study gives no support to a correlation between the questions regarding perceived patient understanding (7Q-PAT and 7Q-PHYS) and the factual knowledge questionnaire (Q-PUR). A reason for this finding could be that the content of the questions regarding perceived understanding (7Q-PAT and 7Q-PHYS) does not fully match the Q-PUR questions. Questions 1-4 can be argued to be general enough to match the Q-PUR as a whole (Table 2) . Questions 5 and 6 in particular do not have any directly corresponding Q-PUR questions. Only question 7 ('I/the patient understood the purpose of the research study') has three specific equivalent Q-PUR questions (questions 1, 4 and 6). Q-PUR as a whole does not give a direct answer to the subjective questions in this study (7Q-PAT and 7Q-PHYS) and may not be sufficiently correlated to be a useful measure of factual knowledge in this context.
The only demographic factor associated with the Q-PUR score was education. A higher educational level was significantly associated with a higher Q-PUR score, which is in line with Hutchison's results when testing the instrument [18] . Other studies using different instruments have also shown an association between educational level and knowledge [12, 14, 23, 24] . On the other hand, in two studies using the QuIC, a higher education was not associated with better scores [25, 26] .
The recruitment window spanned over 4 years. Potential reasons for this long time span are that the study was conducted at two relatively small sites, where each physician was only allowed to participate with five patients, which impaired recruitment speed. Further, changes of research nurses may have contributed to the slow recruitment. Since this was an exploratory pilot study, the number of participants was small, which makes it harder to achieve statistical significance, and no formal a priori power calculation was carried out. Nominal P values were presented without adjustment for multiple testing, which may have led to false positive findings, and the findings must therefore be validated in an independent setting [19] .
Considering the generalisability of the findings of this study, cancer patients are recruited to clinical trials both in the palliative and in curative/adjuvant settings. This pilot study therefore included clinical trials with a wide range of different diagnoses and settings, in order to capture all different aspects. Since there was no information on the specific trial each patient had been offered, it was not possible to elucidate whether patient understanding differed between the palliative and the curative/ adjuvant settings. Further, no information on whether they accepted or declined participation was available. These issues may be addressed if a larger study is to be conducted. However, the aim of the study was to investigate patient understanding of clinical trial information, irrespective of type of trial and participation outcome.
Further, 70% of the physicians were male, while 80% of the patients were female. The high proportion of female patients reflects the fact that breast and ovarian cancer trials were most actively recruiting patients at the time of this study, although several different cancer types were covered. The education level of the patients was high, and 50% of them had a college education, which may reflect the fact that Lund is a University town. For Sweden as a whole, 27% of the population has a university education [27] . Malmö is the third largest city in Sweden with a wide range of socio-economic backgrounds. There are many highly educated people as well as many immigrants with various degrees of education, but as the patients had to be able to speak and read Swedish to be included in this study there were no nonSwedish-speaking patients. These facts suggest there may be a bias towards inclusion of better-educated Swedish-speaking female patients. Further, we have no data on patients who were never invited to participate in the study. These patients may differ from those who the research nurse decided to approach, whereof all agreed to participation. Our sample may therefore not be generalisable to the underlying population of cancer patients.
Although the new questionnaires with mirroring questions were not validated (7Q-PAT and 7Q-PHYS), the content validity was addressed in several ways. Firstly, we chose the questions based on the results from our previous research exploring patients' preferences [15, 16] . Thereafter, research nurses and physicians tested the questionnaire, and the questions were adjusted according to their feedback. Regarding the Q-PUR, the English version of Q-PUR is validated and tested for reliability [18] , although the Swedish version of the questionnaire is not. Furthermore, the translation process may have benefitted from also using, for example, the EORTC quality of life group translation procedure [28] .
Taken together, this exploratory pilot study had limitations in different areas, such as limited study size, gender and educational imbalance between patients and physicians on a group level, and a non-validated questionnaire. However, the study has several strengths. The time between information disclosure and measurement of understanding was very short. Usually it took place immediately after the information disclosure for both patients and physicians. This ensured that the risk of memory errors was minimised, which is particularly important for the physicians who include many patients in trials. The greatest strength may be that the patient and physician questionnaires (7Q-PAT and 7Q-PHYS) had mirroring questions and were collected pairwise, which enabled paired analyses. To our knowledge, only one previous study has investigated physicians' assessment of patient understanding of research [14] . This research field thus needs to be further elucidated.
Our results indicate a gap between patients' perceived understanding and physicians' assessment of patient understanding. Studies have also shown that patients may base their decision to participate in a clinical trial on inadequate facts and misunderstandings [4, 29, 30] , although they consider themselves to understand the trial information. In order to improve patient understanding of clinical trials, several kinds of interventions have been shown to be effective: enhanced consent documents, decisional aids and extended consent conversations seem to be of particular interest [9, 31] . To optimise the informed consent process, the physicians need to assess better what each patient understands in order to tailor their information better and individually. To achieve this tailoring and to minimise the gap between patients' perceived understanding and physicians' assessment of their patients' understanding, physicians need to improve their communication skills [32, 33] .
Conclusions
This exploratory pilot study indicates a gap between patients and physicians, where the physicians rated their patients' understanding lower than the patients themselves for all questions on subjective understanding. However, neither the patients' nor their physicians' ratings were correlated with the patients' factual knowledge, as measured by Q-PUR. These findings need validation in an independent setting, with an improved instrument with mirroring questions and a bettermatched measurement of patients' factual knowledge. Nevertheless, these results suggest that physicians need to improve their ability to assess patient understanding of clinical trial information, in order to be able to tailor the patient information individually. 
